HE fate of fertilizers after addition to soils has long been a basic problem of agronomy. A new method of tracers having unique value for application to this problem is how available as a result of progress in nuclear physics. This tracer method makes use of radioactive isotopes which can now be obtained in considerable quantities. Phosphorus, potassium, calcium, carbon, and most of the "minor" elements have radioactive isotopes suitable for use. Compounds enriched with the heavy isotope of nitrogen are also being produced. It is the purpose here to describe agronomic applications of the radioactive isotope of phosphorus having mass 32. In this way the general techniques, the underlying science, and the specific uses can be illustrated. ' . 3 Reactions i and 2 can be carried out with relatively great effectiveness, using neutrons derived from atomic disintegrations in a pile. They now afford the major source of P
32
. The third reaction is the chief one making use of cyclotron for production of this isotope.
In the first reaction phosphorus in the form of a salt such as KH 2 PC>4 is introduced into a pile and the resulting" P 32 , which appears as the orthophosphate, forms only a very small part of the total. The transmutation reaction from sulfur leads to P 32 essentially free of other phosphorus. The radioactive •phosphorus can be separated from the sulfur by straightforward chemical methods. In this way samples are produced having much higher specific activities than possible by reaction (2).
Radioactive where N is the number of atoms present after time, t, in a sample originally containing N 0 atoms. The quantity, t 1/2, is the time after which the number of radioactive atoms is reduced to one half the initial value. It is a characteristic for a particular isotope and varies for different isotopes from a small fraction of a second to the age of the earth. The value of the half life greatly influences experimental design. Phosphorus 32 has a half life of 14.3 days which is suitable for much experimental work extending over a single growing season. Activities of radioactive sample are expressed in terms of the Curie which is the quantity emitting the same number of particles per second as given by i gram of elemental radium. One thousandth of this quantity, called the millicurie and having the value 3.7 X io 7 disintegrations per second is the unit in wide use. The amount of a radioactive element in a millicurie and the half life are related by the radioactive decay expression just given: A millicurie of P 32 contains 6.48 X io^3 atoms, or 1.07 X icr 10 mols. This is equivalent to 3.42 X icr 9 grams of P 32 or 1.49 X icr 8 grams of KH^PO* which, although an extremely small weight, has a;'very large activity relative to the minimum detectable amount.
Measurement of radioactivity is based upon ionization produced by the particles appearing:in disintegration. In the case of P 32 the electrons' emitted have a maximum-energy of 1.69 million electron volts. They will penetrate 2.8 mm of pure aluminum which makes possible use of thick windows on detecting devices or about 3 mm of glass or approximately 6 meters of air which are of .importance in health precautionary measures. The high speed electron can readily be detected by several devices and use of a so-called Geiger-Mueller tube for this purpose is described by Hall and MacKenzie (3).
The amount of a radioactive isotope, in terms of millicuries, that can readily be measured with reasonable accuracy is important in experimental design, both in determining the amount to be used and the permissable duration of an experiment. The number of, electrons actuating a detecting devise is determined by the solid angle subtended and by various absorption factors, a reasonable value is one out of 'Contribution from the Division of Soils Management and Irrigation, Bureau of Plant Industry, Soils, and Agricultural Engineering, Agricultural Research Administration, U. S. Dept, of Agriculture, Beltsville, Md.
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